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Solar proton data are presented from observations by the IMP 2, 3, F and G 
satellites. The NASA Solar Particle Alert Network (SPAN) solar optical and radio 
frequency data for the period May 1967 to March 1970 are associated with the pro- 
ton events observed by the IMP F and G satellites; however, missing data are 
supplemented with data recorded at other international observatories. From a 
radiation hazard standpoint, NASA is concerned with solar proton events of the 
order of 10® proton/cm 2 . Radiation dose data are presented for some of the large 
proton events that have occurred thus far in the 20th solar cycle and are compared 
with some of the large proton events of the 19th solar cycle. Finally, the results 
of a simple parametric correlation study are presented for both the 19th and 20th 
solar cycles. 
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For more than 25 years it has been known that 
the sun unpredictably emits copious amounts of 
high-energy particulate radiation. Since the goal 
of the Apollo program was to land a man on the 
moon and return him safely, it was thought that 
solar radiation might present a hazard. Conse- 
quently, in 1967 NASA developed the Solar Particle 
Alert Network, called SPAN. The SPAN is a world- 
wide network of solar optical and radio frequency 
telescopes used to monitor solar activity in real- 
time. The primary SPAN sites are located at NASA/ 
MSC , Houston, Texas; the National Oceanic and 
Atmospheric Administration (N0AA) , Boulder, 
Colorado; the Canary Islands; and Carnarvon, 
Australia. Supplemental sites are located at 
Hawaii, Teheran and Culgoora, Australia. During 
manned spaceflight missions SPAN observers can 
provide, via the Manned Space Flight Network (MSFN) 
communications system, the NASA Flight Safety 
Office with real-time information concerning im- 
pending solar radiation hazards. During non- 
mission periods the SPAN has provided an almost 
constant patrol of solar activity. Consequently, 
a prodigious amount of solar optical and radio 
frequency data has been collected during the past 
few years. A more detailed description of the 
NASA SPAN has been presented by Robbins and Reid 
(ref. 1). 


It is the purpose of this paper to present the 
solar proton data as observed by the IMP 2 and 3 
satellites; to present the solar proton data as 
observed by the IMP F and G satellites and the 
associated SPAN solar optical and radio frequency 
data supplemented with data from other observa- 
tories; to present radiation dose data from both 
the 19th and 20th solar cycles for various Apollo 
shielding configurations: to present the results 
of a parametric correlation study for the solar 
proton events in the 19th and 20th solar cycles: 
and to conclude with recommendations for enhancing 
and improving the meaningfulness of the solar data. 

SOLAR PROTON EVENTS FOR THE PERIOD 
OCTOBER 1964 TO APRIL 1967 

The IMP 2 and 3 satellites were in earth orbit 
during the period covered by October 1964 to April 
1967. Prof. J. A. Simpson, University of Chicago, 
had a charged-particle, solid-state detector ex- 
periment onboard these two satellites to measure 
solar protons in the 0.9-190, 6.5-19, 19-90, and 
90-190 MeV ranges. Dr. J. H. King, NASA/GSFC, 
National Space Science Data Center, plotted the 
2.4 hr averaged count rates and generated event 
integrated fluxes at the given energies. He assumed 
negligible flux above 190 MeV and interpolated to 


329 



obtain event integrated fluxes above 10, 30 and 60 
MeV. 

Table 1 shows the solar proton events obtained 
from this interpolation. During this period 23 
major solar proton events were recorded. The start 
time, time of peak intensity, end time, and event 
flux are given. The times are given in UT, and 
the integrated flux units are in proton/ cm 2 . The 
events marked by an asterisk are those cases where 
no significant flux was measured in the 90-190 MeV 
channel. Consequently, the event integrated fluxes 
above 30 and 60 MeV were extrapolated and are 
likely to be less reliable than the interpolated 
values of the other events (ref. 2). 

These data are presented to provide a complete 
picture of the solar proton emissions from the 
commencement of the 20th solar cycle (October 1964) 
through March 1970. It remains to associate the 
optical and radio frequency data with these events. 


Tablt 1. - IMP 2 and 3 solar proton events. 


MTE 

£>10 HeV 
Start time 
Peek time 
End time 
Event flux 

£>30 MeV 
Start time 
Peak tine 
End time 
Event flux 


1912 

0000/06 

0712/09 

S.90E07** 

>912 

04ea/o6 

0712/09 

5.2SE06 


0936 

1424 

1912/07 

1.S0E07 

0936 

1424 

0712/08 

1.60E06 


oooo 

0448 

0936/07 

1.Z5E07 


0712 

0224/27 

3.20E06 


Start time 
Peak time 
End time 
Event flux 


1912 

2136 

0000/07 

1.17E06 


0936 

1648 

0224/05 

4.25E05 


0000 

0448 

0224/25 

9.30E05 


Table 1. - IMP 2 and 3 solar proton events (eont'd). 


3 May 66* 

£>10 HeV 

Start time 0712 

Peak time 0936 

End time 0448/09 

Event flux 3.97E06 

E>30 HeV 

Start time 0712 

Peak time M36 

End tla* 0936/09 

Event flux 1.35E06 

E>60 MeV 
Start time 
Peek time 
End time 

Event flux 2.70E05 


25 June 66* 7 July 66 

1648 OOOO 

2136 0936 

0224/28 0936/12 

6.05E05 9.50E07 

1424 OOOO 

2136 1200 

0224/28 0224/13 

2.05E05 2.15E07 

OOOO 

1200 

— 0000/10 

3.95E04 7.10E06 


Table 1. - IMP 2 and 3 solar proton events (cont'dj. 


OkTt 16 July 

E>10 MeV 

Start time 0000/17 

Peak time 0712/17 

End time 0936/19 

Event flux 1.00ED6 

E>30 HeV 

Start time 2136 

Peak time 0712/17 

End time 0936/19 

Event flux 2.43E05 

E>60 MeV 
Start time 
Peak time 
End time 

Event flux 2.81E04 


* 30 July 66 28 Aug 66 

0224 1424 

1912/31 2136/29 

1912/02 0712/02 

1.08E06 6.62E07 

1648 1424 

1912/31 1912 

1424/01 0712/02 

5.30E0S 2.54E07 

0712/31 1424 

1912/31 1912 

1200/01 0712/02 

5.10E05 1.18E07 


1912 

1912 

0440/01 

3.02E05 


0712 
1648 
0448/01 
1 .02E05 


14 July 66* 

oooo 

0936 

1648/15 

4.17E05 


OOOO 

0712 

0448/16 

2.14E05 


2 Sept 66 

0224 

0936 

2136/03 

3.75E07 


0224 

0712 

2136/03 

6.70E06 


0224 
0712 
21 36/03 
2.83E06 


Table 1. - IMP 2 and 3 solar proton events (eont'd). 


DATE 

E>10 MeV 

3 Sept 66 

13 Sept 66 

20 Sept 66* 

25 Sept 66* 

Start time 

2136 

0936 

1912 

1648 

Peak time 

2136 

0448/1 5 

0224/21 

1424/26 

End time 

2136/10 

1912/19 

0712/24 

1648/27 

Event flux 

3.35E08 

2.50E07 

8.80E05 

3.98E05 

E>30 MeV 

Start time 

2136 

0936 

1912 

1648 

Peak time 

0448/05 

1648/14 

2136 

1424/26 

End time 

2136/10 

1912/19 

1424/23 

1648/27 

Event flux 

1.10E07 

1.07E07 

1.49E05 

1.48E05 

E>60 MeV 

Start time 

2136 

0936/14 

— 

__ 

Peak time 

0000/04 

0936/15 

— 

__ 

End time 

1424/04 

0936/17 


__ 

Event flux 

2.60E05 

6.25E06 

1.00E04 

3.36E04 

Table 1. - IMP 2 

and 3 solar 

proton events (eont'd). 


DATE 

E>10 MeV 

27 Sept 66* 

11 Jan 67 

28 Jan 67 

2 Feb 67 

Start time 

1424 

0224 

0448 

1912 

Peak time 

1648 

0224/12 

2136 

0712/03 

End time 

0224/30 

1912/13 

2136/02 

2136/13 

Event flux 

9.45E05 

4.10E06 

3.59E08 

5.08E08 

E>30 MeV 

Start time 

1424 

0224 

0448 

1912 

Peak time 

1648 

0448 

0936/30 

0000/04 

End time 

0224/30 

1912/13 

2136/02 

2136/13 

Event flux 

2.01E05 

2.90E06 

7.10E07 

1.02E08 

E>60 MeV 

Start time 

-- 

0224 

0448 

1912 

Peak time 


0224/12 

1912/31 

1200/03 

End time 

- 

1912/13 

2136/02 

1912/08 

Event flux 

1 .99E04 

2.50E06 

2.95E07 

3.13E07 

Table 1. - IMP 2 

and 3 solar proton events (eont'd). 


DATE 

E>10 MeV 

13 Feb 67* 

27 Feb 67 

11 Mar 67 


Start time 

1912 

1648 

1912 


Peak time 

0000/14 

0000/28 

0448/12 


End time 

1424/18 

0712/07 

1912/17 


Event flux 

6.97E06 

4.60E07 

6.90E07 


E>30 MeV 

Start time 

1912 

1648 

1912 


Peak time 

0936/14 

0224/28 

0000/12 


End time 

1424/18 

1424/10 

1648/19 


Event flux 

1.39E06 

2.87E07 

3.21 E07 


E>60 MeV 

Start time 

- 

1648 

1912 


Peak time 

- 

2136 

0712/12 


End time 


1424/02 

2136/14 


Event flux 

1.21 EOS 

1.25E07 

9.50E06 



♦-Events for which the flux in the 90-190 MeV channel was insignificant. 
♦♦-Exponential power of 10; 5.90E07 = 5.90xl0 7 . 
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SOLAR PROTON EVENTS FOR THE PERIOD 
MAY 1967 TO MARCH 1970 

The IMP F (Explorer 34) satellite was in earth 
orbit from May 24, 1967, to May 3, 1969. This 
satellite carried the Solar Proton Monitoring 
Experiment (SPME) of Bostrom and Williams (ref. 3) 
and recorded approximately 32 solar proton events. 
The IMP G (Explorer 41) satellite was placed into 
earth orbit on June 21, 1969, and is still func- 
tioning properly. The IMP G satellite also con- 
tains the SPME, and both experiments record protons 
at the >10, >30, and >60 MeV levels. 

The event integrations performed by the author 
are given in table 2. The table also contains the 
start time (UT), end time (UT), event duration 
(hr), peak intensity (proton/cm 2 -sec-ster) , time of 
peak intensity (UT), total integrated flux (proton/ 
cm 2 ), and event integrated flux (proton/cm 2 ). The 
peak intensity is the highest hourly counting rate 
and includes the background flux for that hour. 


Table 2. - Explorer 34 and 41 solar proton events. 


Table 2. - Explorer 34 and 41 solar proton events (cont'd). 


DATE 

E- 10 HeV 
Onset time 
End time 
Duration 
Peak intensity 
Time (peak int.) 
Integrated flux 
Background flux 
Event flux 
E>30 HeV 
Onset time 
End time 
Duration 
Peak intensity 
Time (peak int.) 
Integrated flux 
Background flux 
Event flux 


57 

9.15 

1500 

6.45E06 

8.25E05 

5.62E06 

1100 

2400 


5.17E05 

4.24E05 

9.JE04 


31.0 

2300 

2.89C07 

1.26E06 

2.76E07 


U0E07 
I.91E06 
9 . IDE 06 


36.5 

0800 

3.28E07 

1.61E06 

3.12C07 

0200 

0800/06 


0500 

4.44E06 

1.49E06 

2.95E06 


0300 

1200/02 


6.57E07 

8.25E05 

6.49E07 


Onset time 
End time 
Duration 
Peak Intensity 
Time (peak 
Integrated flux 
Background flux 


significant 

flux 

above 

background 


t.) 


2000 

5.28E06 

1.44E06 

3.84E06 


0200 

0600/05 

29 

1.77 

0400 

1.17E06 

7.87E05 

3.80E05 


1500 

9.62E05 

5.70E05 

3.92E05 


1 Hov 68 

1100 

1100/04 

73 

152 

0600/02 
1 . 1 8E08 
1 . 06E06 
1 .1/E08 


0300/03 

39 

12.3 

2100 

8.94E06 

I.06E06 

7.88E06 

1100 

1300/02 

1.66 

2000 

1.19E06 

7.06E05 

4.80E05 


PATE 
E-10 MeV 

23 May 67 

28 May 67 

6 June 67 

2 Nov 67 

3 Dec 67 

Onset time 

2000 

0700 

0800 

1100 

1000 

End time 

0600/28 

2400/31 

1700/12 

1300/04 

2200/07 

Duration 

107 

90 

137 

51 

109 

Peak Intensity 

1036 

115 

20.8 

9.42 

31.9 

Time (peak int. ) 

1300/25 

1100/28 

1500 

1800 

1300 

Integrated flux 

1.07E09 

7.40E07 

9.60E07 

7.50E06 

2.53E07 

Background flux 

1.69E06 

7.42EQ6 

2.48E06 

8.08E05 

1.97E06 

Fvent flux 

E>30 MeV 

1.07E09 

7.26E07 

9.35E07 

6.70E06 

2.33E07 

Onset time 

2000 

0700 

0800 

1100 

1000 

End time 

2400/26 

2400/30 

1200/09 

2 00/03 

2400/06 

Duration 

77 

66 

65 

38 

87 

Peak intensity 

32.9 

27.6 

5.55 

1.39 

11.3 

Time (peak int.) 

0900/25 

1100/28 

1500 

1700 

1300 

Integrated flux 

2.27E07 

2.00E07 

2.60E07 

1.80E06 

9.12E06 

Background flux 

2.60E06 

2.Z4E06 

2.3SE06 

1 .25E06 

2.95E06 

Event flux 
E>bU Hev 

2.01E07 

1 .78E07 

2.36E07 

7.5OE05 

6.17E06 

Onset time 

2000 

0700 

0800 

no 

significant 

1000 

End time 

2300/25 

1900/30 

1100/08 

flux 

above 

background 

2400/05 

Duration 

52 

61 

52 

63 

Peak intensity 

3.09 

10.2 

2.13 


4.56 

Time (peak int.) 

0900/25 

0800/28 

1500 


1300 

Integrated flux 

3.6OE06 

7.50EO6 

1.2QE07 


4.I7E06 

Background flux 

1 . 76E06 

2.07E06 

1.88E06 


2.14E06 

Event flux 

1.84E06 

5.43E06 

1.02E07 


2.03E06 


Table 2. - Explorer 34 and 4! solar proton events (cont'd). 


DATE 

E 10 HeV 
Onset time 
End time 
Duration 
Peak intensity 
Time (peak int.) 
integrated flux 
Background flux 
Event flux 


0600 

2300/07 

9D 

19.6 

0900 

1.15E07 

1.30E06 

1.02E07 


ml 200 
2400/25 
•0 80 

1400 

2.04E09 

2.61E06 

2.04E09 


1000 

0600/13 

237 

152 

0400/06 

4.85E08 

2.79E06 

4.82E08 


0900 1000 

2400/25 0700/27 

40 44 

3.47 88.7 

MOO 1300 

2.38E06 3.74E07 

5.79E05 6.37F05 

1.80E06 3.68E07 


Onset time 
End time 
Duration 
Peak intensity 
Time (peak int.) 
Integrated flux 
Background flux 
Event flux 


0600 - l 200 

0600/06 2400/23 

49 032 

5.42 404 

0800 1400 

3.37E06 4.10E08 

1.30E06 3.58E06 

2.07E06 3.S4E08 


1000 

0400/10 

163 

31.6 

0100/06 

3.99E07 

4.13ED6 

3.58E07 


0900 1000 

0500/25 2000/26 

21 35 

0.85 42.1 

1100 1200 

6.94E05 1.48E07 

6.18E05 1.D3E06 

7.60E04 1.38E07 



Duration 


Peak intensity 
lime (peak int.) 
Integrated flux 
Background flux 
Event flux 


0600 -1200 

0600/ 05 1000/21 

26 -.70 

2.06 96.7 

0800 1 400 

1.16E06 6.54E07 

7.06E05 1.90E06 

4.50E05 6.35E07 


1000 


S.83 

0100/06 

7.8SE06 

2.99E06 

4.86E06 


significant 

flux 1 700/76 

background 31 


1200 

7.69E06 

9.10E05 

6.76E06 


Table 2. - Explorer 34 and 41 solar proton events (cont'd). 


Table 2. - Explorer 34 and 41 solar proton events (cont'd). 


am 

E»jO MeV 
Onset time 
End time 
Duration 
Peak Intensity 
Time (peak int.) 
Integrated flux 
Background flux 
Event flux 
E»30 MeV 
Onset time 
End time 
Duration 
Peak intensity 
Time (peak int. ) 
Integrated flux 
Background flux 
Event flux 
Ev60 MeV 
Onset time 
End time 

Peak intensity 
Time (peak Int.) 
Integrated flux 
background flux 
(vent flux 


13 July 68 26 July 68 


1 6 Dec 67 

0600 

2400/22 

163 

6.45 

0800/18 

1 . 55E07 

2.95E06 

1.25E07 


9 June 67 

1000 

0900/14 

120 

354 

0600/10 
2.91E08 
1.63E06 
2. 89 £08 


6 July 68 

1800 

1900/12 

146 

5.33 

0200/11 

1 .44E07 

2.11E06 

1.23E07 


2000/12 

1800/17 

118 

54.6 

2200 

3.16E07 

1.71E06 

2.99E07 


1400 

0800/30 

68 

0.78 

1900 

1.60E06 

9.84E05 

6.20E05 


0600 

2400/20 

115 

2.39 

2100/17 

6.39E06 

3.90E06 

2.49E06 


1000 

1800/11 

75 

13.1 

1400 

1.12E07 

2.3SE06 

B.B0E06 


1800 

2400/11 

127 

1.37 

1200/13 

8.28E06 

4.02E06 

4.26E06 


0200 
1100/14 
34 
1.72 
2200 
1.41E06 
1 .08E06 
3.30E05 


1300 

0500/29 

65 

1.07 

1900 

2.29E06 

2.06E06 

2.30E05 


0600 

0500/19 

72 

1.30 

2100/17 

3.10E06 

2.44E06 

6.50E05 


1000 
0500/ 1 1 

6.13 

1300 

3.99E06 

1.39E06 

2.60E06 


1800 

0900/11 

112 

1.15 

1200/07 

4.58E06 

3.55E06 

1.03E06 


no 1300 

significant 

flux 2400/27 

above 

background 36 

0.98 

1700 

1.32E06 

1.14E06 

1.80E05 


34 TE 26 Feb 69 27 Feb 6 9 

EJQ_MeV 

Onset time 0700 1600 

End time 0900/28 2400/03 

Duration 51 105 

Peak Intensity 11.62 27.67 

Time (peak int.) 1200 2200 

Integrated flux 9.63E06 2.73E07 

Background flux 7.38E05 1.52E06 

Event flux B.B9E06 2.58E07 

E -30 HeV 

Onset time 0600 1600 

End time 1900/27 1100/02 

Duration 38 68 

Peak intensity 4,72 9.98 

Time (peak int.) 1200 2100 

Integrated flux 3.68E06 8.39E06 

Background flux 1.12E06 2.00E06 

Event flux 2.56E06 6.39E06 

E MvMeV 

Onset time 0600 1500 

Fnd time 1000/27 0700/01 

Duration 29 41 

Peak intensity 2.45 4.34 

Time (peak int.) uwu 1900 

Integrated flux 1.B5E06 3.28E06 

Background flux 8.53E05 1.21 EOS 

Event flux 1.00E06 2.07E06 


\2_ War 6? 

2000 

1500/15 

68 

2.51 

2100 

2.34E06 

9.84E05 

1.36E06 

2000 

1600/14 


1.69E06 
1.32E06 
3. 70E05 

2000 

1800/13 

23 

0.86 

2100 

7.72E05 

6.56E05 

1.16E05 


21 Mar 69 30 Mar 69 

0700 0400 

0400/24 1800/12 

70 327 

4.93 26.3 

1800 1800 

5.78E06 7.70E07 

1.01E06 4.73E06 

4.77E06 7.23E07 

0700 0400 

0700/23 0200/12 

49 311 

1.14 13.6 

1700 1800 

1.80E06 3.77E07 

I.44E06 9.15E06 

3.60E05 2.8SE07 

no 0300 

significant 

flux 2400/08 

above 

background 236 
9.39 
1800 
2.23E07 
7.00E06 
1.53E07 
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T«M« 2, - Explorer 34 and 41 solar proton events (cont'd). 


End tint 
Duration 
Put Intensity 
Tine (peak fnt.) 
Integrated flue 
Background flux 
Event flu 
E>30 WeV 
Onset tine 
End tine 
Duration 
Peak intensity 
Tine (peak fnt.) 
Integrated flux 
Background flua 
Event flux 
E>60 MeV 
Onset tine 
End tine 
Ou ration 
Peak Intensity 
Tine (peak int.) 
Integrated flux 
Background flux 
Event flux 


10 Apr <9 25 Sept 6 


1375 

0300/13 

2.26E09 

6.1SE06 

2.25E09 


0900 

0700/27 


7.70E06 

2.02508 

9800/11 

2400/16 

139 

16.7 

0300/13 

Z.64E07 

4.28E06 

2.21E07 


6.24E06 

6.80E05 

5.S6E06 

0900 

1700/26 


1.19E06 

8.96505 

2.90E05 


1100 

3.S7E05 

3.23E05 

3.40E04 


11.3 
0300/28 
1 .08E07 
9.09E05 
9.90E06 


0.74 
0300/28 
8.81 E05 
B. 1 4505 
6.70E04 


1400 

7.34E08 

2.04E06 

7.32E08 


1300 

2.23508 

4.07E06 

2.19508 


201 

1300 

4.10507 

2.14506 

3.89507 


3. 76 
1700 
3.98508 
1.285 06 
2.70508 

1200 

1400/26 

$1 

1.49 

1500 

2.14506 

1.38506 

7.6E0S 

1200 
1000/25 
23 
0.86 
1500 
7.28505 
6 . 24505 
1.04505 


Table 2. - Explorer 34 a 


11 solar proton events (cc 




THE SOLAR OPTICAL PARAMETERS ASSOCIATED WITH 
THE IMP F AND G OBSERVATIONS 

The solar optical parameters associated with the 
solar proton events observed by the IMP F and G 
satellites are shown in table 3. The optical 
parameters listed are the proton event date (the 
superscripts refer to the reporting station where 
the letter G is grouped data from several stations 
as reported in Solar-Geophysical Data (ref. 3), 1 
is the NASA/MSC site, 2 is the Canary Islands site, 
and 3 is the Carnarvon, Australia site), the Mt. 
Wilson calcium plage area and intensitv (in-e f 

n." ZlTJZl n *"’<w5t.n»T 

plaS 9 FeglSn h nuJ^r aPh The I OTt ?l "? ,C *"‘' e '^ <,H '"* t ^" 

SFj 

sunspot da P t r a°! ed ^ ° f th ® Calcium *nd 

Table 3. - Solar optical perakwters 


date 

E>10 MeV 

? War 70 

23 Mar 70 

29 Mir 70 

DATE 

PLAGE 

AREA 

PLAGE 

INT. 

SUNSPOT 

APEA 

FL ABE 
START 

FLARE 

END 

FLAK 

wjwna 

FLARE 

HA*. 

FLARE* 

1«*P. 

FLARE 

AREA 

LOCATION 

McHATH 
PEG I Ml 

Onset tine 

1900 

1900 

0200 

1967 












End tine 

1700/10 

1600/26 

2400/06 

23 May* 6 

10000 

4.0 

1820* 

1803 

2300 

297 

1844 

38 

IR.r, 

N2B E?6 

881 A 

Duration 

71 

69 

215 

28 Hay 6 

10000 

4.0 

1050* 

0527 

0712 

105 

0546 

38 

13.11. 

N28 H33 

8818 

Peek Intensity 

93.54 

8.18 

66.0 

6 June 6 

2200 

3.6 

70 

)846 

2030 

104 

1937 

2N 

4.M p 

518 MSB 

8824 

Tine (peak int.) 

0300/08 

2200 

1900 

2 Nov G 

6900 

3.5 

no* 

bs55 

0916 

21 

0859 

IB 

4.66, 

518 N02 

9047 

Integrated flux 

5.72E07 

6.52E06 

8.38507 

3 Dec 

No logical flare association 

probably occurred behind the 

west 11M> 





Background flux 

1.03506 

1.25E06 

4.38506 

16 Dec 1 * 
1968 

9100 

3.0 

230 

0247 

0446 

119 

0256 

2N 


N23 E66 

9118 

Event flux 
E>30 MeV 

5.62507 

5.27506 

7. 9450 7 

9 June 3 
6 July® 

3200 

8000 

3.0 

3.5 

70 

1000 

0843 

0946 

0920 

1029 

37 

43 

0854 

0956 

38 

IN 

21. B c 
1.47, 

S16 W06 
N14 E89 

9429 

9503 

Onset tine 

1800 

1900 

0200 

13 July® 

3200 

3.0 

160 

1341/12 

1522/17 

in. 

1415/12 

Zft 

5.97, 

Nil M21 

9499 

End tine 

1900/08 

0500/25 

0200/05 

26 July 

No logical flare 

association 









Du ration 

26 

35 

171 

26 Sept® 

5300 

3.0 

300 

0026 

0105 

39 

0031 

28 

4 76, 

N14 £35 

9687 

Peek Intensity 

1.52 

2.09 

20. B 

29 Sept' 

4300 

3.0 

100* 

1618 

1657 

39 

1623 

28 

10. 1 ( 

Nlf N52 

9678 

Tine (peek int.) 

2400 

2200 

1900 

4 Oct® 

3700 

2.5 

230 

2348/03 

0330 

222 

0008/04 

28 

6.38, 

516 N37 

9692 

Integrated flux 

1.09E06 

1.64506 

3.13507 

31 Oct® 

7000 

4.0 

1070* 

2339/30 

0133 

114 

0013 

38 

19. 48* 

514 N37 

9740 

Background flux 

6.B2E0S 

1.03EO6 

5.03506 

1 Nov 3 

5600 

3.5 

1000* 

0836 

0930 

55 

0842 

18 

5.00 

5)7 U49 

9740 

Event flux 

4.13505 

6.10505 

2.63E07 

4 Nov 3 

3000 

3.5 

710* 

0524 

0606 

42 

0529 

18 

l.f» c 

514 M90 

9740 

E»60 MeV 




a - Ibis flare included thre 

« flares th«t 

occurred 

in a dose 

tine prox 

Ini ty (ref. 4 

, 




Onset tine 

si^iiflcant 

1900 

0200 

* - Complex sunspot *ro up (ref. $) 

6.1,3 ■ observing jutlon code; see text 









Ournt Ion 
P«lk Intensity 
Tint (pnek int.) 
Intagrated flux 
Background flux 
Event flux 




2100 

5.27505 

4.61505 

6.60504 


1900 
1.13E07 
2.61506 
8, 7506 


T»bli 2. - Explorer 34 ai 


1 solar proton events (cont’d). 


DATE 


E»10 MaV 
Onset tine 
End tlnr 
Duration 
Peak Intensity 
Tie* (peak int.) 
Integrated flux 
Background flux 
Event flux 
E>30 HeV 
Onset tine 
End tine 
Duration 
Peek intensity 
Tine (peek Int.) 
Integrated flux 
Backgroud flux 
Event flux 
E>60 HaV 
Onset tine 
End tine 
Ou ration 
Peek intensity 
Tine (peak int.) 
Integra tad flux 
Background flux 
Event flux 


1.17E06 

3.53E0S 

8.20E0S 


1 .93506 
5.70105 


2000 
6.95505 
4.98E05 
1 .97605 


8.86 

0400 

4.48E06 

7.74505 

3.71E06 


2.47 

0300 

1.64E06 

9.23E05 

7.20505 

0200 

1500 

14 

1.17 

0200 

4.86505 


2400 

3.B9E06 

6.79505 

3.21506 


2.61 

2400 

2.69506 

1.36E06 

1.33506 


2400 

1.07506 

6.22E05 

4.50505 


2.1 35 07 
1.25E06 
2.00507 


6.86 


7.76 

0200/07 

5.09E06 

6.08505 

4.48506 


0.94 

1900 


2100 

5.06E06 9.60505 

1.52E06 7.08505 

3.54506 2.52E05 

1700 no 

sign! Mean 
2400/01 Mi, 

,, «6ove 

32 background 

2.35 

2000 

1.63E06 

7.96505 

8.30505 


DATE PLAGE PLAGE 


1969 

24 Jan® 

25 Feb 3 

26 Feb 3 

27 feb G 
12 »r® 

21 Her* 

30 *r b 
10 Apr** 1 7000 

25 Sept 3 3800 

27 Sept G 4800 

2 Nov® 4500 

14000 


10000 3.5 

10000 4.0 


11000 


24 Nov 3 
18 Dec 
20 Dec 


1235 


129 


2116/02 2350/02 154 


530* 

logical flare association 
logical flare association 


An unconfirmed flare reported by Henlla observatory 
- An unconfimed flare reported by Ml take, Japan observatory 


Table 3. - Solar optical p. 


29 Jan 3 
31 Jan' 


N12 WBO 
N19 E16 
N19 H90 
Nil E90 
Ml 3 HI 6 
1*09 E02 


10035 

10326 

10333 

1038$ 

10432 


SI2 H4S 

S26 U62 


10642 

10542 


10618 

10638 
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THE SOLAR RADIO FREQUENCY PARAMETERS ASSOCIATED 
WITH THE IMP F AND G OBSERVATIONS 


The solar radio frequency parameters associated 
rfith the solar proton events observed by the IMP 
F and G satellites are shown in table A. The PF 
parameters listed are the proton event date (the 
superscripts refer to the reporting station, where 
1, 2, and 3 are the same SPAN observatories as 
given in table 3, 4 and 5 are the ARCRL Sagamore 
Hill and Manila stations, respectively, and were 
obtained from refs. 3 and 6), the peak RF intensity 
and background flux (10 -22 W/m 2 -Hz) , the time- 
integrated RF burst energy (10" 18 J/m 2 -Hz) , and the 
energy-to-peak ratio (sec) at the three fixed fre- 
quencies of 1415, 2695 and 4995 MHz. 

RADIATION DOSES FOR THE LARGE PROTON EVENTS 


Webber (ref. 7) assumed that an exponential ri- 
gidity spectrum best described the solar proton 
event and generated flux equations based on particle 
rigidity P. For energies greater than 30 and 60 
MeV, the characteristic rigidity, P 0 , is given by 

P = 242.89 , MV, 

° , $(E>30MeVh 

n $(E>60MeV) 


where $(E>30MeV) and $(E>60MeV) are the time-integra- 
ted proton fluxes having energies greater than 30 
and 60 MeV, respectively. A similar equation is 
obtained for protons with energies greater than 10 
and 30 MeV: 


Po = 


195.78 
$(E>10MeVT7 
ln $(E>30MeV) 


MV. 


where $(E>10MeV) and $(E>30MeV) are the time-inte- 
grated proton fluxes having energies greater than 
10 and 30 MeV, respectively. 


Tibi* 4. - Sglar 


radio frequency parameters (con t' 


<fl 


I 

I 




— 

1415 NHz 



2695 NHz 



4996 "Hz 


DATE 

PEAK 

INT. 

BKGO. 

ENERGY 

ENERGY 

PtW 

PEAK 

[NT. 

BKGO. 

ENERGY 

ENERGY 

pewT 

PEAK 

INT. 

5KSD. 

ENERGY 


1968 













29 Sept 1 

(1620) 

106 

9.10 

0.0254 

796 

(1622) 

152 

22.09 

0.0278 

2112 

(1621) 

91 

39.74 

0.0188 

4 Oct 5 

229 

(0043) 




108 

(0000) 




57 

(0005) 




31 Oct 3 

935 

(0013) 

119 

78.91 

0.0844 

2187 

(0011) 

154 

183.6 

0.0840 

3370 

(0011) 

268 

172.41 

0.0512 

1 Nov 3 

1138 

(0915) 

116 

98.69 

0.0867 

2603 

(0913) 

161 

242.44 

0.09,4 

3487 

(0912) 

272 

285.79 

0.0820 

4 No, 3 

4(3 

(0517) 

94 

5. 28 

0.1140 

1141 

(0520) 

151 

31.33 

0.0275 

5652 

(0523) 

369 

145.59 

0.0258 

18 Nov 2 

1097 

(1031) 

101 

25.62 

0,0234 

1449 

(1030) 

129 

65.52 

0.0452 

1655 

(1030) 

223 

142.81 

0.0883 

3 Dec 5 





270 0 

(21)6/02) 

7.52 

0.0279 





1969 
24 Jan 5 

158 

(0721) 

0 

10.11 

0.0640 

176 

(0721) 

0 

11.83 

0.0872 

185 

(0720) 

" 

7.83 

0.0423 

25 Feb 3 

5314 

(0913) 

129 

35.66 

0.0067 

2557 

(0912) 

223 

46.79 

0.0183 

4950 

(0912) 

300 

105.63 

0.0213 

26 Feb 3 

779 

(0426) 

140 

14.99 

0.0192 

1268 

(0425) 

205 

25.42 

0.0200 

2828 

, (0425) 

334 

52.25 

0.0185 

27 Feb' 

4*7 

(14091 

92 

9.94 

0.0213 

1369 

(1409) 

249 

32.38 

0.0237 

1853 

(1410) 

399 

53.64 

0.02* 




Table 4. • 

Solar radio frequency paraau 

iten(cont'd) 






1415 mu 



2695 Wz 



4995 •4‘z 


DATE 

PEAK 

INT. 

BKGO- ENERGY 

ENERGY 

PEAK 

PEAK 

INT. 

BKGO. 

ENERGY 

ENERGY 

PEAK 

INT. 

BKGO. ENERGY 

w 

1970 











29 Jan* 

619 

(0932) 

lib 0.59 

8.0010 

278 

(0932) 

151 

0.51 

0.0018 

524 

(0932) 

254 l.n 

0.0021 

31 Jan* 

15.5 

(1516) 



23.2 

(1554) 




46.4 

0556) 



6 Nar 3 

169 

(0934) 

135 0.21 

0.0012 

1034 

(0934) 

174 

1.03 

0.0010 

413 

(0934) 

253 '1.20 

0.0029 

7 Nar* 

105 

(1607) 



110 

0607) 




145 

(1607) 



23 Nar* 

28.8 

(1547) 



30 

(1547) 




93 

(1550) 



29 Mar 3 

1400 

(0040) 

129 56 48 

0.0403 

1592 

(0041) 

178 

86.48 

0.0543 

4062 

(0041) 

294 165.85 

0.0408 


Table 4, - Solar radio frequency > 


23 Nay* 

20 Nay 3 


July 2 
3 July 2 

26 July 
26 Sept 5 


(0857) 

Ho RF burst reported 
200 110 7.00 


1022 152 19.42 

(0849) 

415 91 10.67 

(0946) 

269 108 1.26 

(1357/12) 

No RF burst reported 


302 828.82 0.08 


339 164.53 0.0351 


258 10.96 


30.79 0.0312 

22.59 0.0272 


(.57 0.0186 


- Solar radio frequency pi 


PEAK BKGD. ENERGY ENERGY 


PEAK BKGD. ENERGY ENERGY 


30 Her 3 
10 Apr 3 
25 Sept 
27 Sept* 
2 Nov 2 
24 Nov 2 
18 Dec* 


528 

(0153) 

5793 i 
(0250) 

216 

(0358) 


(1740) 

to?54) 


14F 24. « 0.0103 
259 33.93 0.0352 
95 90.79 0.0084 
128 8.35 0.0205 


101 52.55 0.0754 


(091B) 

70 

(ISIS) 


40.99 0.0)76 

49.02 0.0238 


183 24,54 0.02 


3378 244 84.89 0.02 
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Table 5 shows the characteristic rigidities com- 
puted for the 20th solar cycle proton Lents. 

Hardy (ref. 8) has generated curves for the nor- 
malized proton dose versus characteristic rigidity 
for various Apollo shielding configurations. 

Table 6 shows the radiation (skin) doses for some 
of the large solar proton events that occurred 
during the 19th and 20th solar cycles. It must be 
emphasized that the doses listed are accumulated 
over the entire event duration, which can vary 
from several hours to several days. However, the 
dose rates at the event peak may be quite high. 

The proton events for which the integrated flux 

1( ? * be 10 to 10 7 range should be considered 
significant and are of interest to some medical 
people. Radiobiological effects vary with the 
individuals exposed, and knowledge and understand- 
ing in this area are still somewhat limited. It 
is for this reason that the possible radiation 
threat must be considered by mission planning and 
hardware design personnel for space missions such 
as advanced lunar exploration, lunar bases, and 
interplanetary travel. 

CORRELATION OF THE SOLAR OPTICAL AND 
RADIO FREQUENCY PARAMETERS 

Several of the optical and radio frequency param- 
eters given in tables 3 and 4 were correlated with 
the event fluxes for E>30MeV and were compared with 
similar correlations generated from solar data 

?rpf 6n in? by G °" za } ez and Divita (ref. 9) and Lopez 
(ref. 10). Table 7 shows the correlation coeffi- 
cient for the various solar parameters for the pro- 
ton events of the 19th and first half of the 20th 
solar cycles. The correlation coefficients for the 
optical data for both solar cycles are not very 
impressive. In fact, negative coefficients were 
obtained for three of the four 20th cycle optical 
parameters. The importance of optical solar obser- 
vations cannot be over emphasized, but utilization 
of the optical parameters for solar proton predic- 
tion should be made only to monitor active regions 
and to locate the proton source from proton emitting 

ioJ he correlation coefficients generated from the 
RF data are reasonably good. Using a 
95% confidence limit, Gonzalez and Divita (ref. 9) 
obtained a 0 962 correlation coefficient for the 
19th cycle RF energy parameter (13 proton events) 

Thus far in the 20th cycle the coefficient for the 
RF energy is rather poor. One of the reasons for 
this seems to be the preponderance of limb-region 
events (see figure 1). There appears to be an 
attenuating process which limits the RF burst ob- 
served at the earth. As an example, the correla- 
tion coefficient computed for the 20th cycle RF 
peak intensity was 0.033. When the events that 
occurred near or behind the limb were deleted and 
f a^et 6 1 a t i on coefficient was recomputed, a value 
of 0.757 was obtained, which is a significant im- 
provement. Obviously, if proton prediction tech- 
niques that utilize only the RF parameters are to 
be used satisfactorily, then methods must be de- 
vised to incorporate the limb and behind-the-limb 
radio frequency data. 


DISCUSSION 

pr ? ton data were presented thus far for 
the 20th solar cycle. It remains to associate the 
solar optical and radio frequency data with the 
solar proton events observed by the IMP 2 and 3 
satellites. Also, it is realized that only approxi- 
mately one-half of the 20th solar cycle has P 
occurred, and an intelligible comparison of the two 
solar cycles cannot be fully made. However, the 
results obtained thus far seem to imply that 

optical and t Rc e r) ^ V1Se a 1° i mprove the value of the 
optical and RF data and to determine other param- 

eters that can be utilized in solar proton predic- 

attrartPd n I2t eS t- ° ne means of im P r °vement that has 
attracted attention recently is the solar x-ray 

parameter (see, for example, ref. 11 and 12). Kuck 
(ref. 12) has found that the integrated x-ray flux 
is more proportional to the solar proton flux than 

Jlouds in r theLoi di ° flUX> U appearS that plasma 
clouds in the solar corona can effectively shield 

the centimeter radio burst from detection near 

earth, but these plasma clouds do not absorb the 

the^vallahio Efforts are und erway to incorporate 
iJ th» llfcJ- X ' ra ^ peak and inte 9i"ated flux data 
the existing solar proton prediction programs. 

a ** ’I concluded that further research in the 
areas of the interplanetary medium and sector 
boundaries, particle propagation and diffusion, and 
other radio, optical and magnetic observations may 
and probably will, improve and enhance our unde™ 
standing of solar proton emissions and other 
associated solar phenomena. 
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Table 5. 


Characteristic rigidity, P 0 , for the 20th solar cycle events 


Table 6. Radiation skin (chest) doses for the large solar proton 
events of the 19th and 20th solar cycles for various Apollo 
shielding configurations. 


Event Date 

VM_V 

5 Feb 65 

162 

4 Oct 65 

183 

24 Mar 66 

197 

29 Mar 66 

149 

3 May 66 

151 

25 June 66 

148 

7 July 66 

219 

14 July 66 

241 

16 July 66 

113 

30 July 66 

>400 

28 Aug 66 

317 

2 Sept 66 

282 

3 Sept 66 

65 

13 Sept 66 

>400 

20 Sept 66 

90 

25 Sept 66 

164 

27 Sept 66 

105 

11 Jan 67 

>400 

28 Jan 67 

277 

2 Feb 67 

206 

13 Feb 67 

100 

27 Feb 67 

292 

11 Mar 67 

199 

23 May 67 

102 

28 May 67 

205 

6 June 67 

290 

2 Nov 67* 

89 

3 Dec 67 

218 

16 Dec 67 

183 

9 June 68 

199 

6 July 68 

171 


Event Date 

P 0 »W 

13 July 68* 

43 

26 July 68 

> 400 

26 Sept68 

48 

29 Sept 68 

102 

4 Oct 68 

119 

31 Oct 68 

105 

1 Nov 68 

87 

4 Nov 68 

159 

18 Nov 68 

141 

3 Dec 68 

122 

24 Jan 69* 

62 

25 Feb 69 

342 

26 Feb 69 

258 

27 Feb 69 

215 

12 Mar 69^ 

209 

21 Mar 69* 

76 

30 Mar 69 

390 

10 Apr 69 

110 

25 Sept 69 

113 

27 Sept 69* 

39 

2 Nov 69 

43 

24 Nov 69 

122 

18 Dec 69 

286 

20 Dec 69 

147 

29 Jan 70 

224 

31 Jan 70 

167 

6 Mar 70* 

68 

7 Mar 70* 

40 

23 Mar 70 

109 

29 Mar 70 

220 


* - Events where there was insignificant flux ab«ve 60 HeV, consequently P 0 
was calculated using time-integrated fluxes for E > 10 MeV and > 30 MeV. 


EVENT DATE 

INTEGRATED flux 

CHAR. RIGIDITY 
P 0 ,MV 

C/SM 

SKIN DOSE 
LM 

(REM) 

SPACE SUIT 

(19th Cycle) 






23 Feb 1956 

1.0E09 

195 

55.00 

130.00 

255.00 

29 Aug 1957 

1.2E08 

56 

4.18 

34.80 

136.80 

10 May 1959 

9.6E08 

84 

43.20 

202.56 

604.80 

12 Nov 1960 

1.3E09 

124 

65.00 

136.50 

507.00 

12 Jul 1961 

4.0E07 

56 

1 .34 

11.60 

45.60 

(20tn Cycle) 






23 May 1967 

2.01E07 

102 

0.95 

3.56 

9.95 

18 Nov 1968 

3.54E08 

141 

18.41 

53.45 

139.83 

10 Apr 1969 

2.02E08 

no 

10.10 

35.96 

66.90 

2 Nov 1969 

2.19E08 

43 

5.91 

79.50 

281.42 

29 Mar 1970 

2.63E07 

220 

1.45 

3.24 

6.31 


> 


Fiqur. 1. - HeliograpMc location, of aolar fUr.. for tha 20th solar cycla. 
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